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Objective: To evaluate and optimize the parameters used
in multiple-atlas-based segmentation of prostate cancers
in radiation therapy.
Methods: A retrospective study was conducted, and the
accuracy of the multiple-atlas-based segmentation was
tested on 30 patients. The effect of library size (LS),
number of atlases used for contour averaging and the
contour averaging strategy were also studied. The
autogenerated contours were compared with the manu-
ally drawn contours. Dice similarity coefficient (DSC) and
Hausdorff distance were used to evaluate the segmenta-
tion agreement.
Results: Mixed results were found between simultaneous
truth and performance level estimation (STAPLE) and
majority vote (MV) strategies. Multiple-atlas approaches
were relatively insensitive to LS. A LS of ten was
adequate, and further increase in the LS only showed
insignificant gain. Multiple atlas performed better than
single atlas for most of the time. Using more atlases did
not guarantee better performance, with five atlases
performing better than ten atlases. With our recommen-
ded setting, the median DSC for the bladder, rectum,
prostate, seminal vesicle and femurs was 0.90, 0.77, 0.84,
0.56 and 0.95, respectively.
Conclusion: Our study shows that multiple-atlas-based
strategies have better accuracy than single-atlas ap-
proach. STAPLE is preferred, and a LS of ten is adequate
for prostate cases. Using five atlases for contour averag-
ing is recommended. The contouring accuracy of seminal
vesicle still needs improvement, and manual editing is still
required for the other structures.
Advances in knowledge: This article provides a better
understanding of the influence of the parameters used in
multiple-atlas-based segmentation of prostate cancers.
INTRODUCTION
Much of the time in intensity-modulated radiotherapy
planning is spent on the tedious contouring task. The
contouring time for prostate cases can be up to 17.5min.1
Apart from being time consuming, manual contouring also
suffers from interobserver variability.2
Single-atlas-based segmentation was introduced and several
studies3,4 showed that atlas-based automated contouring can
reduce the contour time and the interobserver variability.
However, the resultant accuracy was unsatisfactory at early
stage development.4 Multiple-atlas method was suggested to
address the problem, and many different averaging strategies
were proposed including simultaneous truth and perfor-
mance level estimation (STAPLE) and majority vote (MV).
The commercial software MIMVista v. 6.0 (MIMVista Corp.,
Cleveland, OH) employed the multiple-atlas approach in the
autosegmentation feature. Two averaging strategies, STAPLE
and MV, can be used in the autosegmentation process. They
differ from each other in the way that they assign the
weighting to each of the segmentations.5 Apart from
choosing the averaging method, the program also allows the
user to have the flexibility to set the number of atlases chosen
from the library for contour averaging.
The aim of this study is to validate the accuracy of the
contours generated by the software and to study the in-
fluence of the number of atlases chosen, the size of library
and the averaging strategies to the autosegmentation pro-
cess of prostate cancers.
METHODS AND MATERIALS
A retrospective study was performed and Supplementary
Figure A outlines the procedures, and the details are de-
scribed as follows.
Description of image data
80 patients with prostate cancer who had received intensity-
modulated radiotherapy treatment were randomly selected.
All of the cases had CT scan performed with the 2.5-mm
slice scanning protocol and with bladder-filling protocol
employed. The bladder, rectum, prostate gland, seminal vesi-
cles and femurs were delineated by one of our oncologists and
validated by two senior radiation oncologists. The organs at
risk and target volume were delineated using departmental
guideline based on the Radiation Therapy Oncology Group
reference.6
Multiple-atlas-based segmentation
The effects on the segmentation accuracy of the following three
factors were studied.
Multiple-atlas combination method
(1) STAPLE
(2) MV.
Number of atlases chosen from the library
(n5number of atlases chosen)
Different number of atlases (n5 1, 3, 5 or 10) were chosen from
the library to create the combined contour.
Library size
Three library sets were built with 10, 30 and 50 atlases,
respectively.
30 sample cases were used to evaluate the accuracy and influence
of the above factors. A complete set of structures was generated
for each of the sample cases for each setting. Similarity measure
was then calculated to assess the agreement between the gen-
erated contours and the contours drawn by oncologists.
Similarity measurements
Dice similarity coefficient (DSC) and Hausdorff distance (HD)
were used to assess the degree of agreement. The DSC measures
the volumetric overlap between two contour sets,7 whereas HD
is a distance measure of the mismatch of two contour sets8 (for
definition, see Supplementary material).
Running time
The autosegmentation was performed with a standalone work-
station (Intel® Xeon® central processing unit E5620, 2.4 GHz,
24GB of random-access memory, Dell Inc., Plano, TX; Microsoft®
Windows® XP Professional 364 edition, Microsoft, Redmond,
WA). The computation time for each setting was recorded.
Statistical analyses
The DSC in segmentation studies usually violates the normal
distribution assumption of parametric statistical test. Logit
transform were performed for the DSC to allow appropriate
statistical inferences,1 where
logit(DSC)5 ln[DSC/(12DSC)].
All the statistical tests were performed with logit(DSC). How-
ever, for better direct comparison with other literatures, the DSC
values were presented in their general form in the following text
unless stated explicitly.
Simultaneous truth and performance level estimation
versus majority vote
Paired t-test was used to compare the mean logit(DSC) meas-
urements for the contours generated by the two segmentation
strategies. For the HD measurements, Wilcoxon signed-ranks
tests were performed.
Number of atlases used and the library size
Analyses of variance were performed to compare the mean
logit(DSC) between groups followed by pairwise t-tests with
Bonferroni correction. For the HD measurements, Friedman
test was used to test the difference between groups followed by
Wilcoxon signed-rank test with Bonferroni correction.
RESULTS
Segmentation accuracy
The highest degree of agreement was found for femurs with the
median DSC ranging from 0.93 to 0.95, and the HD ranging
from 12.9 to 14.9mm (see Supplementary Tables A and B). The
degree of agreement showed no dependence on the choice of
parameters for the femurs. No significant difference was found
between any groups on the segmentation agreement.
The femurs were followed by the bladder, prostate and rectum
with a median DSC range of 0.84–0.93, 0.73–0.86 and 0.68–0.78,
respectively. The seminal vesicle showed the lowest agreement,
with the median DSC ranging from 0.33 to 0.64.
Figure 1 summarizes the segmentation results for each structure.
Segmentation strategy
Mixed results were found when comparing the two segmenta-
tion strategies, and Table 1 shows the statistical results for the
two segmentation methods.
The differences between the two segmentation methods were
more likely to be found when large number of atlases (n5 10)
were used to calculate the average contour.
Both of the DSC and HD evaluation showed that MV performed
better in the bladder and prostate, whereas STAPLE performed
better in the rectum. The DSC evaluation indicated STAPLE
performed better in the seminal vesicle.
Number of atlases used
The effect of the number of atlases used was tested with different
library sizes (LSs) and structures. Among the 36 comparing
groups, 31 of them showed significant difference between
groups with different number of atlases used.
For those comparing groups with significant differences found
in the analyses of variance, the single-atlas approach always
performed inferiorly to the multiple-atlas approach.
For the multiple-atlas approach, the groups which used five
atlases (n5 5) were the best amongst the three groups. Figure
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2a,b summarizes the Bonferroni post hoc comparison for the
different number of atlases used.
Library size
Table 2 summarizes the results of the statistical tests for groups
with different LS.
For the single-atlas approach, statistical increases in logit(DSC)
value were found in the rectum and prostate when the LS was
increased from 10 to 50. The HD evaluation also showed a sig-
nificant difference for the prostate when the LS was increased
from 10 to 50.
For the multiple-atlas approach, no trend was observed in
logit(DSC) value with the increase of LS, except for the
seminal vesicle and the majority voting group with ten atlases
being used (MV10). In addition, except the groups with
ten atlases being used, the HD evaluation showed that there
was no significant difference in the HD value for different
LSs for the rectum and bladder. However, for the prostate
groups which used three atlases for averaging, it showed that
the HD value was significantly smaller when a larger LS
was used.
Running time
A linear relationship was found between the number of atlases
used and the computation time (Supplementary Figure B). On
the other hand, increasing the LS from 10 to 50 increased the
computation time only by a few seconds.
DISCUSSION
In this study, we presented an investigation on the factors that
will affect the segmentation accuracy in the multiple-atlas
approach. Our results indicated that the choice of the
Figure 1. Results of the dice similarity coefficient (DSC) and Hausdorff distance (HD) analyses. MV, the majority voting group with
the library size and the number of atlases being used; Single, single atlas approach with the library size; ST, simultaneous truth and
performance level estimation with the library size and number of atlases being used.
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parameters used in the segmentation process affected the re-
sultant accuracy.
Theoretically, single-atlas-based segmentation is prone to vari-
ous sources of error, including registration error and the exis-
tence of segmentation error of the atlas.9 The multiple-atlas
approach can minimize the above errors by averaging the
structure contour of each atlas.
Our study showed that the segmentation accuracy of both
STAPLE and MV were significantly better than the single-atlas
approach. With the DSC evaluation, there was no multiple-
atlas group that performed worse than the single-atlas
approach.
There are studies comparing different atlas combination
methods, but there is no consensus among researchers re-
garding the performance of them.10,11 Mixed results were
found between the two methods in our study. The differences
between the two methods were more pronounced when more
atlases were used for the averaging process. The choice of the
averaging method is more critical when only ten atlases were
used. Although differences were found between the two methods,
none of them consistently performs better than the other.
Apart from the atlas combination method, our study also
showed that the number of atlases used in the combination
process has a significant effect on the segmentation accuracy.
Our results showed that using five atlases is the optimal number
for prostate cases. Using ten atlases did not improve the seg-
mentation accuracy. Moreover, taking into account that there
was a linear relationship between the number of atlases used and
the computation time, using five atlases could almost save half of
the computation time. Therefore, we recommend using five
atlases in the averaging process for prostate cancers.
Multiple-atlases approach did not only result in better agree-
ment but was also superior to the single-atlas approach in the
dependence of LS. The single-atlas approach is more sensitive to
the LS. The segmentation accuracy can be increased by building
a larger library.
In contrast to the single-atlas approach, both of the multiple-
atlas segmentation methods are relatively insensitive to the LS if
Table 1. Comparison of results between majority vote (MV) and simultaneous truth and performance level estimation (STAPLE)
Library size 10 30 50
Number of atlases used 3 5 10 3 5 10 3 5 10
Bladder
Paired t-test [logit(DSC)] p-value .0.1 .0.05 ,0.001 .0.1 .0.05 ,0.001 .0.1 .0.1 ,0.001
Mean diff.a 0.00 0.00 0.02 0.00 0.00 0.05 0.00 0.01 0.05
Wilcoxon test (HD) p-value .0.1 .0.1 ,0.001 .0.1 .0.1 0.001 .0.1 .0.1 0.023
Mean diff. (mm)b 0.0 21.0 23.6 0.0 20.5 22.0 0.0 20.6 21.8
Rectum
Paired t-test [logit(DSC)] p-value .0.1 0.002 0.009 .0.1 .0.1 .0.1 .0.1 0.009 0.037
Mean diff.a 0.00 20.06 20.07 0.00 20.03 20.05 0.00 20.04 20.05
Wilcoxon test (HD) p-value .0.1 .0.1 .0.1 .0.1 .0.1 .0.1 .0.1 .0.1 .0.1
Mean diff. (mm)b 0.0 1.3 21.5 0.0 1.5 1.4 0.0 2.5 1.5
Prostate
Paired t-test [logit(DSC)] p-value .0.1 .0.1 0.036 .0.1 .0.1 .0.1 .0.1 .0.1 .0.1
Mean diff.a 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.01 0.02
Wilcoxon test (HD) p-value .0.1 .0.1 .0.1 .0.1 .0.1 0.005 .0.1 0.015 0.001
Mean diff. (mm)b 0.0 21.0 21.8 0.0 21.1 21.1 0.0 21.2 21.9
Seminal vesicle
Paired t-test [logit(DSC)] p-value 0.018 ,0.001 ,0.001 .0.1 0.003 .0.05 .0.1 .0.05 .0.05
Mean diff.a 0.01 20.12 20.16 0.00 20.06 20.06 0.00 20.04 20.06
Wilcoxon test (HD) p-value 0.013 0.006 0.047 .0.1 .0.1 .0.1 .0.1 .0.1 .0.1
Mean diff. (mm)b 20.4 2.3 1.6 20.1 0.2 20.3 20.1 0.0 20.6
diff., difference; DSC, dice similarity coefficient; HD, Hausdorff distance.
aThe mean difference in this table is presented in DSC. Positive mean difference indicates better performance for the MV group and negative mean
difference indicates better performance for the STAPLE group.
bPositive mean difference indicates better performance for the STAPLE group and negative mean difference indicates better performance for the
MV group.
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compared with the single-atlas method. No trend was observed
in DSC value with the increase of LS except for the seminal
vesicle and the MV10.
For the seminal vesicle, post hoc test showed no significant
difference for different LSs for the STAPLE group, whereas the
accuracy of the MV group was dependent on the LS.
Significant differences were also found in the bladder and
rectum for the MV10. Bonferroni post hoc tests showed that
the groups with a LS of 10 were worse than those of 30 and 50.
The MV10 used ten atlases for contour combination. Choos-
ing a LS of ten means that the software has to use all the atlases
available and leaving it no degree of freedom to choose the
appropriate atlases from the library. Apart from this special
situation where all the atlases were used, no difference was
found for different LSs for other comparing groups. Being
relatively insensitive to the LS allows users to use smaller LSs
and be able to create their library in a short period of time.
Regarding the dependence of LS, STAPLE is more independent
of it and is preferred especially when only small-sized libraries
are available.
The results of our study showed that the multiple-atlas
approaches have significant improvement on segmentation
accuracy in prostate cases. However, structures such as the
seminal vesicle still require a high degree of modification. With
our recommended settings (STAPLE, n5 5, LS of ten), the
median DSC value was 0.56. The failure may be due to the great
variability of the size and shape of the seminal vesicle. In ad-
dition, the seminal vesicle is a small-sized organ; the program
finds the best-matched atlas from the library according to the
similarity of the whole pelvis instead of the seminal vesicle on its
own. Another reason for the failure on segmenting the seminal
vesicle is that the interobserver agreement is low. A recent study
indicated that the use of atlas-based auto-segmentation (ABAS)
is not beneficial for structures with low interobserver
agreement.12
Apart from the failure for the seminal vesicle, rectum had
a median DSC value of 0.77 with our recommended settings
while the bladder and prostate had a median DSC value of
0.90 and 0.84, respectively. The left and right femurs had
excellent agreement with median DSC value of 0.95 and 0.94.
With our recommended settings, the resultant agreements
were comparable with interrater variability reported in other
studies.13 One of the limitations of this study is that the
contouring time was not registered and reference of other
studies was adopted. The time-saving ability of ABAS had
been demonstrated by another study3 with comparable DSC
Figure 2. (a) Summary of the dice similarity coefficient (DSC) Bonferroni post hoc comparison for the different number of atlases
used. (b) Summary of the Hausdorff distance (HD) Bonferroni post hoc comparison for the different number of atlases used. No.,
number; sig., significant.
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results; they found that the use of ABAS can reduce the
contouring time by .70% in prostate cases. Another study
with inferior DSC result also demonstrated a reduction of
delineation time by 35%.14
CONCLUSIONS
Both of the STAPLE and MV strategies performed better
than the single-atlas approach. Although mixed results were
found between the two average methods, STAPLE is preferred
as its performance is less sensitive to the LS. The multiple-atlas
approach has the advantage of being able to use smaller LSs. A
LS of ten is adequate for prostate cases and further increases of
the LS only shows insignificant gain. Five atlases are recom-
mended to be used to generate the averaged contours. Further
increase in the number of atlases shows no gain in the accu-
racy but significantly increases the computation time.
Table 2. Multiple-group comparison and Bonferroni post hoc test to test the difference in logit transform performed for the dice
similarity coefficient [logit(DSC)] and Hausdorff distance (HD) between groups with different library sizes (LSs)
Number of atlases used 1 3 5 10
Bladder
MV
p-value [logit(DSC)] 0.047 .0.1 .0.1 ,0.001
p-value (HD) .0.1 .0.1 .0.1 ,0.001
Post hoc test No difference a,b,c,d
STAPLE
p-value [logit(DSC)] .0.1 .0.1 .0.1
p-value (HD) .0.1 .0.1 ,0.001
Post hoc test c,d
Rectum
MV
p-value [logit(DSC)] 0.030 .0.05 .0.05 0.020
p-value (HD) .0.1 .0.1 .0.1 .0.1
Post hoc test a a,b
STAPLE
p-value [logit(DSC)] .0.05 .0.1 .0.1
p-value (HD) .0.1 .0.1 .0.1 0.006
Post hoc test c,d
Prostate
MV
p-value [logit(DSC)] 0.020 .0.1 .0.1 .0.1
p-value (HD) 0.022 0.001 .0.1 0.017
Post hoc test a,b,c,d c,d c,e
STAPLE
p-value [logit(DSC)] .0.1 .0.1 .0.1
p-value (HD) 0.001 .0.1 0.015
Post hoc test c,d c
Seminal vesicle
MV
p-value [logit(DSC)] 0.024 .0.05 0.012 .0.1
p-value (HD) .0.1 .0.1 .0.1 0.026
Post hoc test a a c,d
STAPLE
p-value [logit(DSC)] 0.048 .0.1 .0.1
p-value (HD) .0.1 .0.1 .0.1
Post hoc test No difference
MV, majority vote; STAPLE, simultaneous truth and performance level estimation.
aThe logit(DSC) value of the group with LS of 50 . the group with LS of 10; p , 0.05.
bThe logit(DSC) value of the group with LS of 30 . the group with LS of 10; p , 0.05.
cThe HD value of the group with LS equal to 50 , the group with LS of 10; p , 0.05.
dThe HD value of the group with LS equal to 30 , the group with LS of 10; p , 0.05.
eThe HD value of the group with LS equal to 50 , the group with LS of 30; p , 0.05.
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